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SURFHVVHVIURPEDWFKWRFRQWLQXRXVRSHUDWLRQPD\FRQWULEXWHFRQVLGHUDEO\WRWKLVJRDO7KHEDVLVIRUSURFHVVUHGHVLJQDUHH[SHULPHQWDOWULDOV
DQGWKHGHYHORSPHQWRIVXLWDEOHHTXLSPHQW,QDFDVHVWXG\VXFKDWUDQVIHUKDVEHHQFRQGXFWHGDFFRPSDQLHGE\WHFKQRORJLFDOHFRQRPLFDQG












,Q WKH)HGHUDO*HUPDQ*RYHUQPHQWKDV VWDWHG WKHLU
JRDOWRUHGXFHWKH*HUPDQJUHHQKRXVHJDVHPLVVLRQVE\
XQWLO  LQ FRPSDULVRQ WR WKH LQWHUQDWLRQDO UHIHUHQFH \HDU
>@$ELJFRQWULEXWLRQWRUHDFKWKHVHJRDOVDUHH[SHFWHG
IURPWKHPDWHULDOFRQYHUVLRQLQGXVWULHVZLWKWKHLUKLJKHQHUJ\
DQG UHVRXUFH GHPDQG )RU LQVWDQFH WKH LPSOHPHQWDWLRQ RI
KHDWLQWHJUDWLRQPHDVXUHVFDQOHDGWRDVLJQLILFDQWLQFUHDVHLQ
WKH HQHUJ\ HIILFLHQF\ DQG WKXV WR WKH UHGXFWLRQ RI &2 LQ
SURGXFWLRQSURFHVVHV>@
0RVWRI WKHSURGXFWV LQ WKHSURFHVV LQGXVWU\ VXFKDV ILQH
FKHPLFDOV DURPDWLF RU SKDUPDFHXWLFDOO\ DFWLYH VXEVWDQFHV
DUHSURGXFHGEDWFKZLVHRUVHPLFRQWLQXRXVO\7KLVPHDQVWKH
LQGLYLGXDOSURFHVVVWHSVDUHFDUULHGRXWLQVXFFHVVLRQRIWHQLQ
WKH VDPH DSSDUDWXV VXFK DV VWLUUHG WDQN UHDFWRUV ZLWK MDFNHW
KHDWLQJRUFRROLQJFDSDFLW\7KHVHSURFHVVHVIUHTXHQWO\VKRZ
GLVDGYDQWDJHV LQ UHJDUGV WR WKH HQHUJ\ LQSXW IRU PL[LQJ
KHDWLQJ DQG UHDFWLRQ GXH WR WKH OLPLWV RI WKH HTXLSPHQW
$GGLWLRQDOO\ WKH GLVFRQWLQXRXV PRGH RI RSHUDWLRQ UHTXLUHV
QXPHURXV FOHDQLQJ DQG ULQVLQJ VWHSV WR HOLPLQDWH WKH
SRVVLELOLW\RIDFURVVFRQWDPLQDWLRQDIWHUDSURGXFWFKDQJHLQ
WKHVDPHDSSDUDWXV$VDUHVXOWODUJHTXDQWLWLHVRIZDWHUDQG
XWLOLWLHV DUH UHTXLUHG DQG KDYH WR EH GLVSRVHG SURSHUO\
DIWHUZDUGV $GGLWLRQDOO\ ULQVLQJ DQG FOHDQLQJ VWHSV DUH
XVXDOO\ DFFRPSDQLHGE\SURGXFW ORVVHV7KHVHGLVDGYDQWDJHV
DUH H[SHFWHG WR EH GLPLQLVKHG WKURXJK WKH WUDQVIHU RI D
EDWFKZLVH WR D FRQWLQXRXV PRGH RI SURGXFWLRQ OHDGLQJ WR
KLJKHU HQHUJ\ HIILFLHQF\ DQG FRVW UHGXFWLRQ IRU H[DPSOH




$IIDLUV DQG (QHUJ\ WKH WUDQVIHU RI D EDWFK WR FRQWLQXRXV
SURGXFWLRQ SURFHVV RI D ELQGLQJ DJHQW HPXOVLRQ KDV EHHQ
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LQYHVWLJDWHG7KHH[LVWLQJEDWFKSURFHVVDVZHOODVWKHQHZO\
GHYHORSHGFRQWLQXRXVSURGXFWLRQSURFHVVKDYHEHHQDVVHVVHG
LQ UHJDUGV WR WKHLU WHFKQRORJLFDO HFRQRPLF DQG HFRORJLFDO
SHUIRUPDQFH %DVHG RQ WKH LQLWLDO DQDO\VLV RI WKH EDWFK
SURFHVV PHDVXUHV IRU LPSURYHPHQW RI WKH HQHUJ\ DQG
UHVRXUFHHIILFLHQF\ZHUHGHWHUPLQHGDQGWDNHQLQWRDFFRXQWLQ
WKH GHVLJQ RI WKH FRQWLQXRXV SURFHVV 7KLV FRQWULEXWLRQ ZLOO
JLYHDQRYHUYLHZRIWKHDQDO\VHVDQGWKHLUUHVXOWVZLWKIRFXV
RQWKHHFRORJLFDOSRLQWRIYLHZ7KHUHVXOWVZLOOEHFRPSDUHG
WR H[LVWLQJ LQYHVWLJDWLRQV RI .UDOLVFK HW DO >@ ZKR
LQYHVWLJDWHG WKH WUDQVIHU RI D FKHPLFDO V\QWKHVLV IURP D
PDFURVFDOHEDWFKWRFRQWLQXRXVPLFURVFDOHVHWXSDVZHOODV
*UXQGHPDQQ DQG 6FKROO >@ ZKR UHSRUWHG D VLJQLILFDQW
UHGXFWLRQ RI WKH HQYLURQPHQWDO LPSDFWV RI D ZULWLQJ LQN
SURGXFWLRQ WKURXJK WKH WUDQVIHU IURP EDWFK WR D FRQWLQXRXV
FDPSDLJQSURGXFWLRQ
&DVHVWXG\
7KH LQYHVWLJDWHG EDWFK SURFHVV ZDV SURYLGHG E\ $852
3IODQ]HQFKHPLH $* >@ D SDLQW DQG FRDWLQJ PDQXIDFWXUHU
EDVHGLQ%UDXQVFKZHLJ*HUPDQ\7KHRULJLQDOEDWFKSURFHVV
ZDV SHUIRUPHG LQ D VWLUUHG WDQN YHVVHO LQ ZKLFK WKH VROLG
FRQWDLQLQJ DQG KLJKO\ YLVFRXV QDWXUDO UHDFWDQWV ZHUH DGGHG




WKH VRIWZDUHXPEHUWR >@0DWHULDO IORZPRGHOOLQJ HQDEOHV
WKHJHQHUDWLRQRIFRQVLVWHQWPDVVDQGHQHUJ\EDODQFHVDVZHOO
DVDGHWDLOHGGHSLFWLRQRIWKHSURFHVV7KLVZD\WKHPDVVDQG
HQHUJ\ IORZV FDQ EH DVVLJQHG WR WKHLU DFWXDO ORFDWLRQ RI
FRQVXPSWLRQ
)RU D GHWDLOHG EDODQFLQJ DQG DVVHVVPHQW RI D SURGXFWLRQ
SURFHVV:HVFKH HW DO >@ SURSRVHG WKH FODVVLILFDWLRQ RI WKH
LQSXWV DQG RXWSXWV LQWR UHDFWDQWV DX[LOLDULHV XWLOLWLHV DQG
HQHUJ\RQWKHLQSXWVLGHDVZHOODVWKHSURGXFWHPLVVLRQVDQG
UHVLGXDO PDWHULDOV RQ WKH RXWSXW VLGH )XUWKHUPRUH WKH
H[SHQGLWXUHV UHODWHG WR WKH HTXLSPHQW VKRXOG EH GHWHFWHG
%DVHGRQWKLVLQIRUPDWLRQWKHFRQVXPSWLRQGDWDDQGHFRQRPLF
DV ZHOO DV HFRORJLFDO LPSDFWV FDQ EH HYDOXDWHG )RFXV
DQDO\VHV DQG VHQVLWLYLW\ VWXGLHV VXSSRUW WKH LQYHVWLJDWLRQV WR
LGHQWLI\ HIILFLHQF\ SRWHQWLDOV DFKLHYDEOH WKURXJK WKH
LPSOHPHQWDWLRQ RI QHZ WHFKQRORJLHV HJ PLFURIOXLGLF




UHVHDUFK DQG GHYHORSPHQW WKH SURFHVV DQDO\VLV KDV WR EH
FDUULHG RXW LQ GLIIHUHQW OHYHOV RI GHWDLO $W ILUVW WKH SURFHVV
VHFWLRQZLWKKLJKHVWHQHUJ\DQGUHVRXUFHFRQVXPSWLRQDVZHOO
DV HFRQRPLF DQG HFRORJLFDO LPSDFW KDV WR EH LGHQWLILHG DQG
DIWHUZDUGVWKHYDOXHVKDYHWREHDVVLJQHGWRWKHSURFHVVVWHSV
RUDSSDUDWXVHV$V\VWHPDWLFDVVHVVPHQWDQGWKHLGHQWLILFDWLRQ
RI SRWHQWLDOV FDQ EH VXSSRUWHG E\ D VXLWDEOH PRGHOOLQJ
DSSURDFKVXFKDVWKH/HYHO0RGHO>@VHHILJ
7KH DSSURDFK IROORZV D PRGXODU FRQFHSW DQG LV RULHQWHG
WRZDUGVDW\SLFDOGHSLFWLRQRIPDQXIDFWXULQJSURFHVVHVZKLFK
DUH VWUXFWXUHG DV D VHTXHQFH RI XQLW RSHUDWLRQV 82 7KLV
VHTXHQFHLVSUHVHQWHGLQWKHVHFRQGOHYHORIWKHPRGHO,QWKH
ILUVW OHYHO VLQJOH82VDUHPRGHOOHG LQGHWDLO7KLVFRPSULVHV
WKH GHSLFWLRQ RI WKH VLQJOH SURFHVV VWHSV DV ZHOO DV WKH





DQG VHQVLWLYLW\ DQDO\VHV LQ GLIIHUHQW OHYHO RI GHWDLO 7KURXJK
WKH LQWHJUDWLRQ RI FRVWV DQG HFRORJLFDO IDFWRUV D KROLVWLF
SURFHVVDVVHVVPHQWFDQEHDFKLHYHG
)RU WKH EDWFK SURFHVV WKH PRGHOOLQJ ZDV VWUXFWXUHG DV
IROORZV 2Q WKH VHFRQG OHYHO WKH FRPELQDWLRQ RI 82V
PL[LQJPHFKDQLFDO GLVLQWHJUDWLRQ UHDFWLRQ VHSDUDWLRQZDV
PRGHOOHG FRPSOHPHQWHG E\ FOHDQLQJ SURFHGXUHV VWDQGE\
RSHUDWLRQ DV ZHOO DV LQWHUQDO WUDQVSRUWV 7KH LQGLYLGXDO 82
ZDV PRGHOOHG ZLWK DOO SURFHVV VWHSV HJ KHDWLQJ VWLUULQJ
FRROLQJ SXPSLQJ HWF LQ GHWDLO RQ WKH ILUVW OHYHO 7KH
PRGHOOLQJ RI SURFHVV ZDV WKHQ LQWHJUDWHG LQWR WKH H[LVWLQJ
LQIUDVWUXFWXUHRIWKH$852SURGXFWLRQVLWHRQWKHWKLUGOHYHO
7KLV LQFOXGHG IRU H[DPSOH WKH VXSSO\ RI KHDWLQJ PHGLD DQG
ZDWHUDVZHOODVH[WHUQDOWUDQVSRUWVDQGWKHUHVLGXHGLVSRVDO
)RUWKHFRQWLQXRXVSURFHVVWKHPRGHOLQJRIWKHWKLUGOHYHO





5HFRUGLQJ DQG PRGHOLQJ RI WKH H[LVWLQJ EDWFK SURFHVV
SURYLGHGDEHQFKPDUNIRUWKHSURFHVVDVVHVVPHQW7KHUHIRUH
DSSURSULDWHV\VWHPERXQGDULHVKDGWREHGHILQHGIRUWKHEDWFK
SURGXFWLRQ ZKLFK ZHUH DOVR DSSOLFDEOH IRU WKH FRQWLQXRXV
SURFHVV WR HQDEOH D FRQFOXVLYH FRPSDULVRQ EHWZHHQ ERWK RI
WKHP $ ³FUDGOHWRJDWH´ DSSURDFK ZDV FKRVHQ IRU WKH
DVVHVVPHQWFRQVLGHULQJDOOH[SHQGLWXUHVGLUHFWO\UHODWHGWRWKH
LQGLYLGXDO SURGXFWLRQ SURFHVVHV 1HLWKHU WKH XVH SKDVH QRU
WKH GLVWULEXWLRQ RU WKH GLVSRVDO RI WKH SURGXFW RU SURGXFHG
LQWHUPHGLDWHV ZHUH FRQVLGHUHG VLQFH WKH\ ZRXOG QRW EH
DIIHFWHGE\DSURFHVVFKDQJHDQG WKXVKDYHQR LPSDFW LQ WKH
FRPSDULVRQ)RFXVRI WKH DVVHVVPHQWZDVRQ WKH HQHUJ\ DQG
UHVRXUFHFRQVXPSWLRQDQGSURGXFWLRQUHODWHGHPLVVLRQV
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7KHV\VWHPERXQGDULHVLQFOXGHWKHSURGXFWLRQSURFHVVDQG
H[SHQGLWXUHV IRU FOHDQLQJ SURFHGXUHV DV ZHOO DV LQWHUQDO
WUDQVSRUWV VHUYLFH DQG PDLQWHQDQFH )RU WKH HFRORJLFDO
DVVHVVPHQW WKHSURYLVLRQRIUHDFWDQWVXWLOLWLHVDQGHQHUJ\DV
ZHOO DV WKH WUDQVSRUWV IURP WKH VXSSOLHUV DQG FRQVWUXFWLRQ
PDWHULDOVRI WKHSODQWHTXLSPHQWDUH WDNHQ LQWRDFFRXQW7KH
H[SHQGLWXUHVIRUWKHSODQWPDWHULDOVDUHGHSUHFLDWHGRYHUWKHLU
H[SHFWHG OLIHWLPH DV SURSRVHG E\ WKH JXLGHOLQH RI WKH
(XURSHDQ FRPPLVVLRQ >@ 'RZQVWUHDP WKH GLVSRVDO RI




7KH QH[W VWHSZDV WKH GHILQLWLRQ RI WKH IXQFWLRQDO XQLW D
YDOLG UHIHUHQFH YDOXH FRQVLVWHQW IRU ERWKSURFHVVHV+HUH WKH
WRWDOSURGXFWPDVVRIRQHEDWFKSURGXFWLRQZDVFKRVHQVLQFH
WKH FRQVXPSWLRQ GDWD RI WKH RULJLQDO SURFHVV ZHUH DOUHDG\
UHODWHG WR RQH EDWFK ZKHUHDV WKH H[SHQGLWXUHV IRU WKH
FRQWLQXRXVSURFHVV DUH UHODWHG WR WKHSURGXFWPDVV IORZDQG
FDQWKXVEHHDVLO\FDOFXODWHGIRUDGHVLUHGSURGXFWPDVV7KH
HFRORJLFDO DVVHVVPHQWV ZHUH SHUIRUPHG IROORZLQJ ',1 (1
,62  >@ DQG  JXLGHOLQHV >@ XVLQJ WKH
FKDUDFWHUL]DWLRQPRGHO&0/,$E\*XLQpHHWDO>@
5HVXOWVRIWKHHFRORJLFDODVVHVVPHQWRIWKHEDWFKSURFHVV




7DEOH  GLVSOD\V DQ H[FHUSW RI WKH FDOFXODWHG SRWHQWLDO










6LQFH WKH LQGLYLGXDO LPSDFW FDWHJRULHV HDFK UHSUHVHQW
GLIIHUHQW ILHOGV RI HQYLURQPHQWDO LQWHUHVW D FRPSDULVRQ
EHWZHHQUHVXOWV LQGLIIHUHQWFDWHJRULHVLVKDUGO\IHDVLEOH7KH
FDOFXODWHG WRWDO YDOXHV EXLOG WKH EDVLV IRU WKH FRPSDULVRQ
EHWZHHQ WKH DOWHUQDWLYH WHFKQLTXHV 'XH WR WKH DSSOLHG 
/HYHO0RGHO WKH PDWHULDO IORZ PRGHO QRZ DOORZV IRFXV
DQDO\VLV WRDVVLJQ WKHSHUFHQWDJH VKDUHRIFDOFXODWHG LPSDFWV
WR WKH XVHG PDWHULDOV DQG HQHUJ\ IRU LQGHSWK DQDO\VHV DV
VKRZQ LQ WKH H[FHUSW LQ ILJ  IRU IRXU VDPSOH LPSDFW
FDWHJRULHV
)RUWKHEDWFKSURFHVVWKHELJJHVWHQYLURQPHQWDOLPSDFWLQ
WKH FDWHJRULHV µHFRWR[LFLW\ IUHVKZDWHU¶ DV ZHOO DV µKXPDQ
WR[LFLW\¶ ZLWK D VKDUH RI RYHU  UHVXOWV IURP WKH
H[SHQGLWXUHVIRUWKHSURYLVLRQDQGGLVSRVDORIWKHSURGXFWLRQ
SODQW7KHUHPDLQGHULVFRPSULVHGRIWKHH[SHQGLWXUHVIRUWKH
SURYLVLRQ RI XWLOLWLHV DV ZHOO DV WKH GLVSRVDO RI WKH UHVLGXHV







7KH UHVXOWV DUH GLIIHUHQW IRU RWKHU FDWHJRULHV )RU WKH
FDWHJRU\µFOLPDWHFKDQJH¶WKHELJJHVWLPSDFWUHVXOWVIURPWKH
SURYLVLRQ RI WKH SURFHVV XWLOLWLHV VXFK DV QDWXUDO JDV IRU
KHDWLQJ RI WKH UHDFWRU DVZHOO DV WKH GHWHUJHQWV IRU WKH SRVW
SURFHVV FOHDQLQJ ZLWK DERXW  ,Q WKLV FDWHJRU\ WKH
H[WHUQDOWUDQVSRUWVPDNHXSIRUDERXWRIWKHWRWDOLPSDFW
DVZHOO/DVWO\WKHSURYLVLRQDQGGLVSRVDORIWKHSODQWDVZHOO
DV WKH GLVSRVDO RI WKH UHVLGXHV KDV DOVR D QRWLFHDEOH LPSDFW
7KH LPSDFW FDXVHG E\ WKH HOHFWULFDO HQHUJ\ DV ZHOO DV WKH
SURFHVVHPLVVLRQVLVDJDLQQHJOLJLEOH)RUWKHLPSDFWFDWHJRU\
µHXWURSKLFDWLRQ¶ WKH ELJJHVW VKDUH RI WKH SRWHQWLDO
HQYLURQPHQWDO LPSDFW RULJLQDWHV IURP WKH H[SHQGLWXUHV IRU
H[WHUQDO WUDQVSRUWV ZLWK DERXW  6LPLODU WR WKH FDWHJRU\
µFOLPDWHFKDQJH¶WKHSODQWGLVSRVDORIUHVLGXHVDVZHOODVWKH
SURYLVLRQ RI XWLOLWLHV PDNH XS IRU WKH UHVW RI WKH SRWHQWLDO
HQYLURQPHQWDO LPSDFW ZKHUHDV WKH HOHFWULFDO HQHUJ\ DQG
SURFHVV HPLVVLRQV DUH QHJOLJLEOH 7KH UHDVRQ IRU WKH ORZ
LPSDFW RI WKH HOHFWULFDO HQHUJ\ LV GXH WR WKH XVH RI RQO\
FHUWLILHGJUHHQHOHFWULFLW\DW$852
%DVHG RQ VXFK IRFXV DQDO\VHV FRPELQHG ZLWK VHQVLWLYLW\
DQDO\VHV WKH ELJJHVW HFRORJLFDO GDPDJH SHUSHWUDWRUV KDYH
EHHQ LGHQWLILHG7KHVHDUHPDLQO\ WKHH[SHQGLWXUHV UHODWHG WR
WKH FOHDQLQJ SURFHVVHV GHWHUJHQWV DQG KLJK DPRXQWV RI
ZDVKLQJZDWHUWKHXVHRIQDWXUDOJDVIRUKHDWLQJSURFHVVHVDV
ZHOODVWKHSURGXFWLRQSODQWLWVHOI7KHH[WHUQDOWUDQVSRUWVDOVR
VKRZ D VLJQLILFDQW LQIOXHQFH EXWZLOO UHPDLQ WKH VDPH IRU D
FRQWLQXRXV SURFHVV DQG ZLOO WKXV QRW EH LQFOXGHG LQ WKH
FRPSDULVRQ RI WKH SURFHVV DOWHUQDWLYHV 7KLV PD\ FKDQJH LQ





SURFHVV WKH WUDQVIHU WR D FRQWLQXRXV SURGXFWLRQ UHTXLUHG
VHYHUDO FRQVLGHUDWLRQV 7KH LQYHVWLJDWLRQ DLPHG DW WKH
UHGXFWLRQ RI WKH FRQVXPSWLRQ RI WKH LGHQWLILHG HFRORJLFDOO\
FULWLFDOFRQWULEXWLRQVZLWKWKHDGGLWLRQDOFKDOOHQJHVUHODWHGWR
WKH LQYHVWLJDWHG SURFHVV 7KHVH ZHUH WKH XVH RI QDWXUDO
LQJUHGLHQWVZLWKYDU\LQJHQWU\TXDOLW\KLJKYLVFRVLWLHVRIWKH
SURGXFWLRQ PL[ DV ZHOO DV WKH UHTXLUHPHQWV IRU DQQXDO
SURGXFWLRQFDSDFLW\IOH[LELOLW\DQGVFKHGXOLQJ
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

$GGLWLRQDOO\ WKHSURFHVVGHVLJQKDG WREHDGMXVWHGIRU WKH
FRQWLQXRXV SURGXFWLRQ PRGH )RU WKLV SXUSRVH WKH
DSSOLFDWLRQRIPLFURIOXLGLFHTXLSPHQWZDVFKRVHQGXHWRLWV
DGYDQWDJHVLQUHJDUGVWRHQHUJ\LQWHQVLILFDWLRQORZLQWHUQDO
KROGXS DV ZHOO DV KLJK IOH[LELOLW\ DQG SRVVLELOLWLHV IRU




7KHVH WULDOV ZHUH DFFRPSDQLHG E\ WKH FUHDWHG PDWHULDO
IORZ PRGHO 'XH WR WKH GHWDLOHG SURFHVV GHSLFWLRQ WKH
LQGLYLGXDO FRQVXPSWLRQ RI PDWHULDOV DQG HQHUJ\ FRXOG EH
DVVLJQHGWRHDFKPLFURFRPSRQHQW)XUWKHUPRUHWKHPRGHO
DOORZHG WKH WKHRUHWLFDO LQYHVWLJDWLRQ RI GLIIHUHQW SURFHVV
VHWXSV WKURXJK WKH YDULDWLRQ RI VLQJOH FRPSRQHQWV HJ
DFWLYH RU SDVVLYH PL[HU DV ZHOO DV WKH LQIOXHQFH RI
SDUDPHWHUV VXFK DV SUHVVXUH ORVV DGGLWLRQDO KHDWLQJ VWHSV
DQGWKHLUWHFKQLFDOUHDOL]DWLRQ
)LJXUH  VKRZV WKH ILQDO SODQW FRQILJXUDWLRQ 7KH
UHDFWDQWV HQWHU WKH V\VWHP YLD SXPSLQJ IURP WKHLU VWRUDJH
WDQNV2QHRI WKH IHHG VWUHDPV LV KHDWHGZLWKDQHOHFWULFDO
PLFUR KHDW H[FKDQJHU +(; ZKHUHDV WKH RWKHU IHHG LV
KHDWHG ZLWK WKH KRW SURGXFWLRQ PL[ DV D KHDW LQWHJUDWLRQ
PHDVXUH ,QDSUHHPXOVLILFDWLRQ VWHS WKH UHDFWDQWVDUH IHG




HOHFWULFDO PLFUR KHDW H[FKDQJHU DV ZHOO DV WKH
LPSOHPHQWDWLRQ RI D KHDW LQWHJUDWLRQ PHDVXUH WKH XWLOLW\
FRQVXPSWLRQ GHFUHDVHV VLJQLILFDQWO\ )XUWKHUPRUH WKH
H[SHQGLWXUHVIRUFOHDQLQJDUHGHFUHDVHGFRQVLGHUDEO\GXHWR
WKH ORZHU SODQW KROGXS DQG WKXV D UHGXFHG GHPDQG RI
FOHDQLQJ VROXWLRQ DV ZHOO DV KLJKHU SURGXFWLRQ XSWLPH IRU
WKHFRQWLQXRXVSURGXFWLRQSODQW7KHEDWFKSURGXFWLRQSODQW
KDG WR EH FOHDQHG DIWHU HDFK EDWFK WKH FRQWLQXRXV
SURGXFWLRQDOORZVODUJHUFOHDQLQJLQWHUYDOV
7KH FRQVXPSWLRQ GDWD ZHUH FROOHFWHG IURP WKH
H[SHULPHQWDO WULDOV RI WKH FRQWLQXRXV SURGXFWLRQ SURFHVV
DQG LPSOHPHQWHG LQWR PDWHULDO IORZ PRGHOOLQJ IRU
HYDOXDWLRQ DQG FRPSDULVRQ ZLWK WKH EHQFKPDUN EDWFK
SURFHVV 6HQVLWLYLW\ VWXGLHV VXSSRUWHG WKH GHFLVLRQPDNLQJ
IRUWKHSURFHVVVHWXS7DEOHVKRZVWKHSHUFHQWDJHFKDQJH
RIWKHFDOFXODWHGHFRORJLFDOLPSDFWVRIWKHILQDOFRQWLQXRXV
SURFHVV VHWXS LQ FRPSDULVRQ WR WKH EHQFKPDUN EDWFK
SURFHVVLQIRXUH[HPSODU\LPSDFWFDWHJRULHV
7KH UHVXOWV LQGLFDWH D VLJQLILFDQW UHGXFWLRQ RI WKH
SRWHQWLDO HQYLURQPHQWDO LPSDFW WKURXJK WKH WUDQVIHU IURP
EDWFK WR FRQWLQXRXV SURGXFWLRQ HVSHFLDOO\ LQ WKH WR[LFLW\
FDWHJRULHV6LPLODUUHVXOWVZHUHREWDLQHGLQWKHRWKHULPSDFW
FDWHJRULHV7KHKLJK UHGXFWLRQ LVFDXVHGE\ WKH VLJQLILFDQW
GHFUHDVH LQSODQWPDWHULDOZLWKRXW FRQVLGHULQJ WKH VSHFLILF
SURGXFWLRQSURFHVVIRUWKHPDFURRUPLFURVFDOHHTXLSPHQW
7KH ORZHUGHFUHDVH LQ WKH FDWHJRULHV µFOLPDWH FKDQJH¶ DQG
µHXWURSKLFDWLRQ¶LVPDLQO\GXHWRWKHORZHULQLWLDOLQIOXHQFH
RI WKH SURYLVLRQ DQG GLVSRVDO RI WKH SODQW HTXLSPHQW LQ











)RFXV DQDO\VHV DV VKRZQ LQ WDEOH  DOORZ D PRUH LQ
GHSWKLQYHVWLJDWLRQRIWKHFKDQJHV7KHWUDQVIHUIURPEDWFK
WR FRQWLQXRXV SURGXFWLRQ HQWDLOV D VLJQLILFDQW GHFUHDVH RI
WKHH[SHQGLWXUHV UHODWHG WR WKHXWLOLWLHVSODQWDQG UHVLGXHV
)RU WKH XWLOLWLHV DQG UHVLGXH UHODWHG H[SHQGLWXUHV WKH
GHFUHDVH LV FDXVHGRQRQHKDQGE\ WKHFKDQJH IURP VWHDP
KHDWLQJILUHGE\QDWXUDOJDVWRHOHFWULFDOKHDWLQJZLWKJUHHQ
HOHFWULFLW\ DQG WKXV WKH HOLPLQDWLRQ RI QDWXUDO JDV
FRQVXPSWLRQ DV ZHOO DV FRQGHQVDWH GLVSRVDO2Q WKH RWKHU
KDQG WKHH[SHQGLWXUHV IRUFOHDQLQJGHFUHDVHGVLJQLILFDQWO\
GXH WR PXFK ORZHU ZDVKLQJ VROXWLRQ UHTXLUHPHQW RI WKH
PLFUR FRPSRQHQWV ZLWK UHGXFHG KROGXS DQG WKXV OHVV
GHWHUJHQW FRQVXPSWLRQ DV ZHOO DV D ORZHU DPRXQW RI
ZDVWHZDWHU$VVWDWHGEHIRUH WKH WUDQVSRUWRI WKHUHDFWDQWV
)LJ)LQDOFRQILJXUDWLRQRIWKHGHYHORSHGFRQWLQXRXVSURFHVVDGDSWHGIURP:HQJHUWHUHWDO>@
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GRHV QRW FKDQJH +RZHYHU WKH H[SHQGLWXUHV IRU WKH
HOHFWULFDO HQHUJ\ LQFUHDVH PDLQO\ GXH WR WKH FKDQJH IURP













RQO\UHODWHG WR WKHFRQVWUXFWLRQPDWHULDOVRI WKHHTXLSPHQW
LQFOXGLQJDSSDUDWXVDQGSLSLQJDVZHOODVPHDVXUHPHQWDQG
FRQWURO WHFKQRORJ\ ZLWKRXW FRQVLGHULQJ WKH VSHFLILF
SURGXFWLRQ FRQGLWLRQV 7KXV WKH FKDQJH IURP ODUJH EDWFK
LQVWDOODWLRQV WR PLFURIOXLGLF FRPSRQHQWV OHDGV WR D
VLJQLILFDQWGHFUHDVHLQWKHFDOFXODWHGHQYLURQPHQWDOLPSDFW
'XH WR WKH ELJ VKDUH RI WKH SODQW RQ WKH DEVROXWH LPSDFW
YDOXH HVSHFLDOO\ LQ WKH WR[LFLW\ FDWHJRULHV VHH HJ ILJ 
DQG WDEOH  WKHVH ODUJHO\ DIIHFW WKH HFRORJLFDO
H[SHQGLWXUHV
7KHUHVXOWVDUHVLPLODUWRRWKHULQYHVWLJDWLRQVRISURFHVV
WUDQVIHU IURP EDWFK WR FRQWLQXRXV RSHUDWLRQ )RU H[DPSOH
.UDOLVFK HW DO >@ KDYH UHSRUWHG D UHGXFWLRQ RI SRWHQWLDO
HQYLURQPHQWDO LPSDFWV LQ WKH UDQJH RI    GXH WR
ORZHU HQHUJ\ FRQVXPSWLRQ UHGXFHG VROYHQW DPRXQW DQG
LQFUHDVHGUHDFWLRQ\LHOG,WZDVVWDWHGWKDWWKHIDEULFDWLRQRI
WKH HTXLSPHQW SOD\HG RQO\ D PLQRU UROH LQ FRPSDULVRQ WR
WKH JDLQHG VDYLQJ SRWHQWLDOV $V PHQWLRQHG EHIRUH
*UXQGHPDQQDQG6FKROO>@UHSRUWHGDVLJQLILFDQWUHGXFWLRQ
RI WKH HQYLURQPHQWDO LPSDFWV RI D ZULWLQJ LQN SURGXFWLRQ
WKURXJK WKH WUDQVIHU IURP EDWFK WR D FRQWLQXRXV FDPSDLJQ
SURGXFWLRQ +HUH WKH NH\ IDFWRU ZDV WKH UHGXFHG HQHUJ\
GHPDQGGXULQJFRQWLQXRXVSURFHVVLQJZKLFKDOVRRXWZHLJK
WKH DGGLWLRQDO H[SHQGLWXUHV UHODWHG WR WKH PRUH HODERUDWH
PLFURSODQW HTXLSPHQW 7KHVH LQYHVWLJDWLRQV LGHQWLI\ WKH
HQHUJ\ GHPDQG DV WKH PRVW LPSRUWDQW SDUDPHWHU ,Q WKH
SUHVHQWHG FDVH VWXG\ WKH WUDQVIHU IURP D EDWFK WR D
FRQWLQXRXV SURGXFWLRQ ZLWK PLFUR FRPSRQHQWV RI D
FKDOOHQJLQJKLJKYLVFRVLW\SURGXFWLRQPL[ZDVLQYHVWLJDWHG
7KHWUDQVIHUHQDEOHGWKHXVHRIHOHFWULFDOKHDWLQJ'XHWRWKH
FHUWLILHG JUHHQ HOHFWULFLW\ XVHG E\ $852 WKH
HQYLURQPHQWDO LPSDFW RI WKH HQHUJ\ GHPDQG SOD\V RQO\ D
PLQRU UROH )XUWKHUPRUH WKH LQIOXHQFH RI WKH SURGXFWLRQ
SURFHVV IRU VWDQGDUG DSSDUDWXV EDWFK YV LQGLYLGXDOO\
GHVLJQHGDQGPDQXIDFWXUHGPLFURFRPSRQHQWVFRQWLQXRXV
KDVQRW\HWEHHQFRQVLGHUHG7KHUHIRUHWKHVHUHVXOWVDUHVWLOO
VXEMHFWHG WR FKDQJH DQG ZLOO EH LQYHVWLJDWHG LQ IXWXUH
ZRUNV
&RQFOXVLRQ
7KH LQWHJUDWLRQ RI HFRORJLFDO DVVHVVPHQWV GXULQJ HDUO\
VWDJHV RI SURFHVV GHYHORSPHQW DQG GHVLJQ DOORZV WKH
LGHQWLILFDWLRQ RI WKH PRVW HQYLURQPHQWDO IULHQGO\ SURFHVV
VROXWLRQ RI WKH LQYHVWLJDWHG DOWHUQDWLYHV +RZHYHU WKH
LPSOHPHQWDWLRQRIWKHVHDVVHVVPHQWVDVDVWDQGDUGLQWRWKH
FRXUVHRISURFHVVGHVLJQGXULQJ UHVHDUFKDQGGHYHORSPHQW
VWLOO SUHVHQWV VHYHUH FKDOOHQJHV $ VXLWDEOH PRGHOLQJ
VWUXFWXUH FDQ VXSSRUW DQ DFFRPSDQ\LQJ DVVHVVPHQW E\
HQDEOLQJ D IDVW LQWHJUDWLRQ RI QHZ GDWD LQWR WKH H[LVWLQJ




EDWFK WR FRQWLQXRXV SURGXFWLRQ PRGH WKURXJK WKH
DSSOLFDWLRQ RI PLFURIOXLGLF HTXLSPHQW RULJLQDWHG IURP WKH
ODFN RI GDWD LQ UHJDUGV WR WKHLU VSHFLILF SURGXFWLRQ
FLUFXPVWDQFHV DV ZHOO DV WKH LGHQWLILFDWLRQ RI LQIOXHQWLDO
SURFHVV SDUDPHWHUV IRU WKH PLFURIOXLGLF FRPSRQHQWV 7KLV
FDQEHVXSSRUWHGWKURXJKWKHIRFXVDQGVHQVLWLYLW\DQDO\VHV
LQ GLIIHUHQW OHYHOV RI JUDQXODULW\ HQDEOHG WKURXJK WKH
DSSOLHGPRGHOLQJVWUXFWXUH
7KHUHVXOWVRIWKHFRPSDULVRQRIWKHHFRORJLFDOLPSDFWV
LQGLFDWH D KLJK LQIOXHQFH RI WKH SODQW HTXLSPHQW RQ WKH
HFRORJLFDO SURFHVV SHUIRUPDQFH )XUWKHUPRUH WKH FKDQJH
IURP VWHDP KHDWLQJ WR HOHFWULFDO KHDWLQJ KDV VKRZQ D
SRVLWLYH WHQGHQF\ RQ WKH RYHUDOO LQGLFDWRU 7KH UHDVRQ IRU




SURGXFWLRQ SURFHVV RI D ELQGLQJ DJHQW KDV EHHQ SUHVHQWHG
7KH WUDQVIHUZDVDFFRPSDQLHGE\ WHFKQRORJLFDO HFRQRPLF
DQG HFRORJLFDO DVVHVVPHQW WR LGHQWLI\ WKH PRVW VXLWDEOH
SURFHVV DOWHUQDWLYH +HUH WKH IRFXV ZDV RQ WKH HFRORJLFDO
SDUW RI WKH DVVHVVPHQW 7KH ELJJHVW HFRORJLFDO GDPDJH
SHUSHWUDWRUVZHUHLGHQWLILHGWREHWKHH[SHQGLWXUHVUHODWHGWR
WKHFOHDQLQJSURFHVVHVWKHVXSSO\RISURFHVVKHDWDVZHOODV
WKH PDWHULDOV RI WKH SURGXFWLRQ SODQW LWVHOI 8QGHU
FRQVLGHUDWLRQ RI WKHVH DVSHFWV D SURFHVV WUDQVIHU WR D
FRQWLQXRXV SURGXFWLRQ PRGH ZLWK PLFURIOXLGLF HTXLSPHQW
ZDV UHDOL]HG VXSSRUWHG E\ DQ HDUO\ UHFRJQLWLRQ RI
WHFKQRORJLFDO DQG HFRORJLFDO ³ERWWOHQHFNV´ WKURXJK D
GHYHORSPHQW DFFRPSDQ\LQJ DVVHVVPHQW 7KH WUDQVIHU
UHVXOWHG LQ D VLJQLILFDQW GHFUHDVHRI WKH HFRORJLFDO LPSDFW




7KLV ZRUN KDV EHHQ IXQGHG E\ WKH *HUPDQ )HGHUDO
0LQLVWU\IRU(FRQRPLF$IIDLUVDQG(QHUJ\XQGHUJUDQWQR




.RPSRQHQWHQ  .RQW(³:H JUDWHIXOO\ DFNQRZOHGJH WKH
ILQDQFLDOVXSSRUW
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5HIHUHQFHV
>@ (UGPHQJHU & /HKPDQQ + 0VFKHQ . 	 7DPENH - 





RI 0LFUR0LOOL&RQWLQXRXV &DPSDLJQ 0DQXIDFWXULQJ 7KH &DVH RI
:ULWLQJ,QN3URFHVVHV
>@ .UDOLVFK ' 	 .UHLVHO *  $VVHVVPHQW RI WKH HFRORJLFDO
SRWHQWLDO RIPLFURUHDFWLRQ WHFKQRORJ\&KHPLFDO HQJLQHHULQJ VFLHQFH

>@ *UXQGHPDQQ / 	 6FKROO 6  (FRORJLFDO DQG (FRQRPLF




>@:HVFKH 0 +lEHUO 0 .RKQNH 0 	 6FKROO 6 
gNRORJLVFKH %HZHUWXQJ YRQ 3URGXNWLRQVSUR]HVVHQ LQ
0HKUSURGXNWEDWFKDQODJHQ&KHPLH,QJHQLHXU7HFKQLN
>@(8 2IILFLDO -RXUQDO RI WKH (XURSHDQ 8QLRQ / 
&RPPLVVLRQ 5HFRPPHQGDWLRQ RQ WKH XVH RI FRPPRQ PHWKRGV WR
PHDVXUHDQGFRPPXQLFDWHWKHOLIHF\FOHHQYLURQPHQWDOSHUIRUPDQFHRI
SURGXFWVDQGRUJDQLVDWLRQV0D\
>@(QYLURQPHQWDOPDQDJHPHQW /LIH F\FOH DVVHVVPHQW 3ULQFLSOHV DQG
IUDPHZRUN ,62 *HUPDQ DQG (QJOLVK YHUVLRQ
(1,62
>@(QYLURQPHQWDO PDQDJHPHQW /LIH F\FOH DVVHVVPHQW 5HTXLUHPHQWV
DQG JXLGHOLQHV ,62 *HUPDQ DQG (QJOLVK YHUVLRQ
(1,62





PLQLDWXUL]HG SURFHVV HQJLQHHULQJ HTXLSPHQW &KHPLFDO (QJLQHHULQJ
5HVHDUFKDQG'HVLJQ,Q3UHVV
>@:HQJHUWHU 0 HW DO .RQW( 9HUIDKUHQVEHUIKUXQJ YRQ
DEVDW]ZHLVHU ]X NRQWLQXLHUOLFKHU %LQGHPLWWHOSURGXNWLRQ PLW
PLNURVWUXNWXULHUWHQ $SSDUDWHQ 3UHVHQWDWLRQ DW 3URFHVV1HW
-DKUHVWDJXQJ GHU )DFKJUXSSH 0LNURYHUIDKUHQVWHFKQLN 
)UDQNIXUW0DLQ*HUPDQ\

